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(71) We, Anchor Hocking Corpora- 
tion, a corporation organized under the 
laws of the State of Delaware of 109 N. 
Broad Street, Lancaster, Ohio, U.S.A., do 
5 hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

10 The present invention relates to furnaces 
for heat treatment of articles moving on a 
conveyor. More particularly, it is directed 
to a gas fired furnace wherein the articles 
may be contacted with a special treating 

15 vapour while they are passing through a 
tunnel or muffle by which the vapour is iso- 
lated from the gas flame and the products of 
combustion. 
Various manufacturing processes include 

20 a step wherein articles are exposed to and 
treated by a hot vapour of some type. For 
example, in the manufacture of glass articles 
such as lightweight bottles for carbonated 
beverages, the bottles may advantageously 

25 be subjected to a vapour treatment at ele- 
vated temperature, in order to improve the 
strength and abrasion resistance of the 
bottles. A cuprous halogen vapour can be 
used in that process, such as cuprous chloride 

30 (Cu 2 Cl 2 ). The vapour is maintained at a tem- 
perature of the order of about 1,000F. for 
an exposure or treating period that typically 
is of several minutes' duration. Examples of 
such processes are set forth in F. J. Shone- 

35 barger U.S. Patent No. 3,489,546, titled 
"Strengthening of Oxidized Soda-Lime Glass 
Articles", issued January 13, 1970, and No. 
3,502,454, titled "Strengthening and Colour- 
ing of Articles Made of Reduced Soda- 

40 Lime Glass Compositions", issued March 
24, 1970. 

The furnace of the present invention is use- 
ful in such cuprous halogen vapour treat- 
ment of glass containers, and it is explained 
45 hereinafter primarily in relation to such pro- 
cesses. However, it should be understood 
that the furnace is suitable for use in carry- 
ing out other high temperature treatments of 
articles moving on a conveyor such as decor- 



ating or annealing, with or without the pre- 50 
sence of a special vapour. 

When the vapour contacts the glass sur- 
face an ion exchange reaction takes place 
whereby the sodium ion content of the glass 
'surface is partly replaced by copper ions. 55 
This modifies the composition of the glass 
in a thin surface zone on the article. The 
resulting modified glass is believed to have 
a lower coefficient of expansion tiian the 
remainder of the article, and on cooling it 60 
forms a compression layer which improves 
the strength of the article. 

To carry out such vapour treatments on a 
production basis, it is desirable to treat the 
bottles while they are moving on a conveyor 65 
line; that is, a continuous treatment rather 
than a batch treatment. Advantageously, this 
is done while the bottles are moving on the 
take-off conveyor on which they are placed 
directly from the forming machine. 70 

If an electrically heated furnace is used 
in which the heater elements are situated 
within the vapour contacting zone; the 
vapour is not isolated from the heat source. 

It has been found that the cuprous halo- 75 
gen vapour in such an electrical furnace will 
gradually attack and corrode the furnace 
structure, especially the electrical heater ele- 
ments. This can seriously reduce their operat- 
ing life which is, of course, detrimental to 80 
process economics. 

A further concern is the fact that the 
presence of water vapour in the vapour con- 
taining zone can be detrimental. If gas is 
used as the heat source, the water vapour 85 
resulting from combustion of the gas will 
react with the cuprous vapour, this leads to 
an unduly rapid rate of consumption of the 
cuprous vapour source. A copper oxide de- 
posit can also form. This detracts from 90 
efficient practice of that process in an open 
gas flame environment. 

Li accordance with the present invention 
a continuous gas fired muffle furnace is em- 
ployed in which the flame and products of 95 
combustion are isolated from the articles be- 
ing treated. . .. 

To this end there is provided according to 
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the invention a furnace for the heat treat- 
ment of articles carried therethrough on a 
conveyor comprising, an elongated tunnel 
having a horizontal axis and open at each 
end through which the conveyor passes, a 
combustion enclosure surrounding the tunnel 
over at least a part of the length of the 
tunnel, the enclosure having an inner sur- 
face which is spaced radially from the tun- 
nel so that a hollow annular combustion 
zone is defined between the surface and the 
tunnel, a structure at each end of the com- 
bustion zone closing the space between the 
tunnel and the said inner surface, a plurality 
15 of gas burners entering the combusion zone 
through the inner surface of the enclosure 
and aimed to inject burning gas into the 
zone in a direction generally tangential to 
the tunnel so that a swirling movement of 
20 heated gas around the tunnel will be estab- 
lished within the combustion zone, a plur- 
ality of air curtains spaced along the tunnel. 

Also according to the invention there is 
provided a method of treating glass articles 
25 comprising, placing the articles in lineal ar- 
rangement on a conveyor, moving the con- 
veyor in the horizontal direction, with the 
articles on it, through an open ended tunnel 
while heating at least a portion of the tunnel, 
the heating being carried out by directing 
hot gases tangentially to the exterior of the 
tunnel and causing the gases to flow in the 
longitudinal direction as a helix around the 
outside of the tunnel, the tunnel having a 
35 plurality of air curtains spaced there along. 
The articles move through the furnace on a 
travelling conveyor that runs through a tubu- 
lar or tunnel like muffle, which is heated by 
flame contacting only its exterior surface. 
40 Articles on the conveyor inside the tunnel 
are thereby isolated from the flame. 

The cuprous halogen vapour treating pro- 
cess is sensitive to temperature, tempera- 
ture control being important for article to 
45 article uniformity and quality control. Small 
temperature variations can cause visible dif- 
ferences in the colour of certain types of 
containers. Also, the nature of the compres- 
sion band formed on the surface of the 
articles by the treatment is dependent upon 
the time-temperature cycle, a shorter, hotter 
cycle tending to produce a more sharply 
defined band, and, hence, a greater com- 
pressive strength with resultant higher 
article strength. Relatively longer and cooler 
exposures tend to establish wider compres- 
sion bands, with a smaller strength improve- 
ment, in addition to reducing process 
throughput. 

Moreover, it is important that the tem- 
perature be uniform from top to bottom of 
the article. The tall and narrow shape of the 
bottles themselves makes them especially 
susceptible to runnel temperature variation 
in the vertical direction. This is difficult to 
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achieve in a long horizontal continuous 
furnace, wherein the ends of the muffle must 
be open to accommodate the travel of the 
conveyor through them. A full range of 
glass containers will require a tunnel height 70 
of about 15 inches. It has been found that 
unless special provision is made to establish 
vertical temperature uniformity, heat applied 
to the outside of the muffle will tend to 
establish vertical convection currents in the 75 
muffle such that the top part of the muffle 
(and hence the upper portions of the bottles) 
will be heated more than the bottom part, 
such that undesirably non-uniform treat- 
ment results. 80 

It has been a major objective of the pre- 
sent invention to provide a continuous hori- 
zontal muffle furnace which is exteriorily 
heated by a flame pattern that will establish 
a high degree of temperature uniformity, as 85 
measured in the vertical direction at any 
given station inside the muffle. 

In the cuprous halogen vapour treatment 
of bottles and in other heat treating pro- 
cesses, controlled temperature variation along 90 
the direction of travel is necessary. A proper 
thermal cycle or time-temperature schedule 
as the ware moves along the conveyor is 
needed to produce ware of constant quality, 
and to produce the desired strengthening in 95 
minimum time. To achieve this, it is im- 
portant that the temperature of the ware 
(which at each moment should be uniform 
across its entire vertical height) change ac- 
cording to a predetermined schedule as the 100 
conveyor travels through the muffle. In 
particular, for cuprous halogen vapour treat- 
ment processing of containers, the tempera- 
ture should rise above the annealing point 
of the articles, to a level as hot as possible 105 
but not, of course, so high as to cause un- 
desirable deformation or sag; the tempera- 
ture should remain at that level during the 
vapour treatment, then cool. 

It has also been a major objective of the 110 
present invention to provide a furnace 
whereby the temoerature of articles moving 
on a conveyor inside the muffle will follow 
a desired schedule or profile as they move 
in the horizontal direction, but such that at 115 
any given point on the conveyor the articles 
have a nearly flat vertical temperature pro- 
file. 

In the preferred embodiment, the furnace 
of this invention comprises a combustion 120 
enclosure within which a hollow, generally 
circular cross-sectioned combustion zone is 
defined. An elongated open ended tunnel or 
muffle runs through the combustion zone, 
aligned substantially along the axis thereof. 125 
and is supported on "stilts" or open stands 
in the combustion zone so that all sides of 
the tunnel are exposed to and acted upon 
by flame within the combustion zone. The 
tunnel includes means for supporting and 130 
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guiding a conveyor, which travels through it 
from end to end. 

The combustion zone and the tunnel with- 
in it are heated by a plurality of gas burners 
5 which inject gas flames into the combustion 
zone only. The burners enter the zone 
through an inside wall of the combustion 
enclosure, and they are directed so that 
flame will circulate circumferentially around 

10 the tunnel in the zone; that is to say, the 
burner flames are injected tangentially into 
the space between the tunnel and the inner 
wall of the combustion enclosure. 
The burners are preferably of the excess 

15 air type and have a high output volume of 
gases. These gases are curled or wrapped 
circumferentiafiy around the tunnel to com- 
pletely envelop it. The burners are placed at 
angularly spaced positions around the tunnel, 

20 one burner entering the combustion zone 
above the tunnel on one side thereof, a 
next burner entering the combustion zone on 
the other side and below the tunnel. Thus 
the output gases from each burner reinforce 

25 one another in traveling less than the full 
circumference of the tunnel. The burners 
are preferably spaced axially from one an- 
other. The output gases travel to an exhaust 
or outlet stack, which extends from the com- 

30 bustion zone through the wall of the furnace, 
and which is spaced longitudinally of the 
tunnel from the burners. The motion of the 
gas around the tunnel describes a horizontal 
spiral or helix as it travels to the exhaust. 

35 The ends of each combustion zone are 
closed by bulkheads, and there may be a 
plurality of combustion sections along the 
tunnel such that the temperature in each 
section can be controlled essentially inde- 

40 pendently of the temperature in adjacent 
sections. The output of each of the burners 
can be regulated to give a desired longi- 
tudinal temperature profile. 
Where, as in the cuprous halogen treating 

45 process, a special vapour phase is to be 
maintained inside of the tunnel it is preferred 
to use air curtains to minimize escape of the 
treating vapour and to minimize heat trans- 
fer through the ends of the tunnel. It has 

50 been found that air curtains that direct a 
sheet of air transversely across the tunnel 
from top to bottom thereof, without any 
opposed outlet, are especially effective for 
this purpose. 

55 The invention will now be further des- 
cribed by way of example with reference 
to the accompanying drawings, in which: — 
Figure 1 is a side elevation, somewhat 
diagrammatic in nature, of a furnace in ac- 

60 cordance with the invention, in a preferred 
form for the cuorous halogen vapour treat- 
ment of glass bottles; 

Figure 2 is an enlarged axial section of 
a portion of the tunnel of the furnace of 

65 Figure 1, showing the inlet air curtain; 



Figure 3 is an axial section of another 
portion of the tunnel of the furnace of 
Figure 1, showing the air curtain-drift con- 
troller in the vapour treatment section of 
the tunnel; 70 

Figure 4 is an axial section of another 
portion of the vapor treatment section of 
the tunnel showing the cross-chute for boats 
that will contain the cuprous halogen source; 

Figure 5 is a transverse section taken on 75 
line 5—5 of Figure 2, the same configura- 
tion also appearing on line 5 — 5 of Figure 3; 

Figure 6 is an enlarged transverse sec- 
tional view taken on line 6—6 of Figure 1; 
and 80 

Figure 7 is an enlarged transverse sectional 
view taken on line 7—7 of Figure 1. 

The specific furnace illustrated in the 
drawings and described below is especially 
useful for the cuprous halogen vapour pro- 85 
cess, but the invention is not limited to such 
use. 

The furnace of the illustrated embodi- 
ments includes four longitudinal sections, 
each of which is made separately for end to 90 
end assembly in situ. The first three of the 
four sections are heating sections; the fourth 
section is a cooling section and has no gas 
burners in it. All are traversed by a hori- 
zontal conveyor 10 which runs longitudin- 95 
ally through' the furnace from end to end 
thereof. The conveyor travels on a hori- 
zontal run between end rolls (not shown), 
and returns on a run beneath the furnace. 
In Figure 1, the direction of conveyor travel 100 
is from left to right, as designated by the 
arrow at 15. 

The four sections of the furnace are desig- 
nated 11 to 14. The first section 11 con- 
stitutes a temperature equalizing section 105 
wherein articles travelling on the conveyor 
are heated and brought to uniformly ele- 
vated temperature; the next section 12 com- . 
prises the vapour treatment section, in which 
the articles are contacted with the treating 110 
vapour. The third section 13 is an annealing 
section, in which the articles, out of sub- 
stantial contact with the treating vapour, 
go through a controlled gradual temperature 
reduction. The fourth section 14, is merely 115 
a final cooling section and has no burners 
in it. 

In each of sections 11—14, the conveyor 
10 runs through a surrounding tunnel or 
muffle, 20. As best shown in Figure 6, tun- 120 
nel 20 is a duct or tube which may be rect- 
angular in cross-section. It rests on support 
means in the form of longitudinally spaced 
stands or brackets 21. The brackets 21 posi- 
tion tunnel 20 so that it is essentially centred 125 
in the hollow, surrounding combustion en- 
closure 22. The combustion enclosure 22 has 
an inner wall surface 23 which surrounds 
but is spaced radially from the tunnel 20 
so that an open, generally annular combus- 130 
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tion zone 25 is defined around tunnel 20, 
between the tunnel and wall 23. 

More specifically, the furnace enclosure 22 
includes an outer liner or shell 26 of sheet 
5 metal. This shell 26 supports and protects 
flat insulating elements which are mounted 
to it by bolts or studs 28. The insulation 
is suitably in two layers, a thicker outer in- 
sulation layer 29 comprising batts of refrac- 

10 tory fibres, and a thinner layer 30 compris- 
ing compressed, mechanically rigid and dur- 
able slabs of a refractory insulating ma- 
terial. For the cuprous halogen process, the 
insulation should be capable of withstand- 

15 ing temperatures up to about 2000°F. 
"Fiberfrax" (registered trade mark) insula- 
tion, manufactured by Babcock and Wilcox 
Corporation, (is available commercially in 
the forms described and is suitable. 

20 The bolts 28 project inwardly from shell 
26 and pass through both layers of insula- 
tion 29 and 30, both layers being held in 
place by fastenings 31. The standards 21 
project upwardly from shell 26 through aper- 

25 tures 35 in the insulation. 

It can be seen in Figure 6 that the inner 
layer of insulation 30 defines an internal 
space around tunnel 20 that is square or 
rectangular in section. In order to promote 

30 a more uniform circular or swirling move- 
ment of flame around the tunnel 20 (as sub- 
sequently described), the longitudinal edges 
at which the vertical and horizontal sur- 
faces of the insulation layer 30 meet, are 

35 rounded by curved fillet segments 32. ' The 
fillets are mounted and supported on the 
bolts 28. Thus, the inner wall 23 of com- 
bustion zone 25 is comprised by the fillet sec- 
tions 32 and portions of the surfaces of the 

40 inner insulation layer 30. Together, these de- 
fine the approximately circular sectioned 
surface or wall 23 around combustion ?one 
25. 

From a theoretical standpoint, it would be 

45 desirable that tunnel 20 also has a circular 
cross-section, similar to wall 23, for the most 
uniform swirling flow of gas around it. How- 
ever, in order to withstand the corrosive 
action of certain treating vapours, including 

50 cuprous chloride, it is desirable to use stain- 
less steel as the tunnel material. Circular 
tubes of stainless steel of the necessary 
diameters are not readily available and 
would be expensive to fabricate. It is con- 

55 venient and less expensive to produce the 
tunnel 20 from flat plate or sheet stainless 
material by forming it as a rectangular box 
with welds at the long edges. In use, this has 
been found not to limit unduly the swirl of 

60 the burning gas around it. For resisting at- 
tack of CuCl vapour in section 12, #601 
Invonel (registered trade mark) stainless 
works well as the tunnel material. In the 
other sections, and for the stands, #316 



stainless is satisfactory since they are not 65 
exposed to the concentrated vapour. 

The conveyor 10 travels through the tun- 
nel over its base or bottom, and is sup- 
ported on and guided therein by longitudin- 
ally extending angles or brackets designated 70 
at 33. These prevent wear between the tun- 
nel surface and the belt. 

The tunnel is preferably not fastened 
rigidly to the stands 21, but sits between 
guide edges 34, 34 presented at the tops of 75 
each stand. Relative longitudinal movement 
(as much as 2—4" for a 21 foot long tunnel) 
between the tunnel and the stands will occur 
by reason of thermal expansion of the tun- 
nel as it is heated, in relation to the shell 80 
26 to which the stands 21 are mounted, and 
this is accommodated by the slidable sup- 
ports described. 

The combustion zone 25 is heated by 
burning of natural gas or the like within it. 85 
Each section 11—13 is a separate furnace, 
and each is heated by a plurality of gas 
burners 37. 

In the illustrated embodiment, the com- 
bustion zone of the temperature equalizing 90 
section 11 is heated by two burners, the 
vapour treatment section 12 is heated by 
three burners, and the annealing section 13 
has four burners, some of which may not 
be needed, depending upon the annealing 95 
schedule. The number of burners in any 
particular section is not critical to the in- 
vention, and will depend upon the nature 
of the heat treatment to be used and the type 
and rate of articles being treated. 100 

Each bas burner 37 can be a known type, 
preferably the so-called "excess air" type. 
Excess air burners operate with the force- 
ful injection of a large excess of air directly 
into the gas to be burned. This excess air 105 
is usually within 2—10 times the qantity of 
air necessary for stoichiometric combustion 
of the gas flow. In the illustrated embodi- 
ment a 300—400% excess is used. The 
flame has a high forward velocity, and a 110 
much more uniform temperature than an 
ordinary gas flame. Such burners are com- 
mercially available; as an example of one 
suitable type, the burners in the furnace 
illustrated are "Series 4423 XS Air Gas 115 
Burners", made by North American Mfg. 
Co., Cleveland, Ohio. 

As shown in Figures 1 and 6, the burners 
37 of each section are spaced from one an- 
other irt the longitudinal direction, and they 120 
enter the combustion chamber 25 alternately 
above and below tunnel 20, and from op- 
posite sides. In other words, the burners are 
staggered and opposed, being above the 
muffle on one side, and below it on the other. 125 
The burners enter the combustion zone tan- 
gentially, through ports in the wall 23. 
Ideally, the burners are positioned so that if 
the axis of the burner were extended to a 
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point half way across the combustion zone, 
it would roughly perpendicularly bisect a 
radial line L drawn from the tunnel 20 to 
wall 23 (see Figure 6). Thus, in operation 
5 each burner directs the flame across the top 
or bottom of the tunnel circumferentially 
around the combustion zone. The circular 
slope of inner wall 23 deflects the flame 
around the tunnel, so that a swirling motion 

10 of flame and hot air is established around 
the outside of the tunnel, see Figure 6. The 
heating flame virtually surrounds the ex- 
terior surface of the tunnel, passing between 
the brackets 21 which support it from below, 

15 and around the four sides of the tunnel. This 
produces extremely even temperatures across 
any given sectional area of the tunnel. Data 
shows that the temperature at the top of a 
bottle (shown in phantom at 24 in Fig. 6) 

20 in the tunnel is within 5° of the tempera- 
ture at the bottom of the bottle. 

Each section 11—13 has an exhaust stack 
or outlet 38 which is adjacent an end of the 
section. The stack extends from the com- 

25 bustion zone 25 through the insulation layers 
29 and 30, and through the shell 26. The 
stack is equipped with a damper and a fur- 
nace pressure gauge, not shown. 
Control thermocouples are located inside 

30 the tunnel in each section, and each section 
has its own automatic temperature control 
which may be of known type. 

The burning gas and excess air swirls 
helically from the burners to the stack 38 

35 adjacent the end of the section. This gas 
bathes the tunnel and extends entirely 
around it, by reason of the tangential injec- 
tion and the spiral gas flow to the stack. 
The tunnel isolates the products of gas 

40 combustion outside it in the combustion 
zone, from the treating vapour and the 
articles in the tunnel, so that no reaction 
between them takes place; likewise, the 
burners in the combustion zone are isolated 

45 from the treating vapour, so that corrosive 
attack of the burners or wall 23 by the 
treating vapour does not occur. Heat is 
conducted evenly through the tunnel wall 
from all sides (including the top and bot- 

50 torn); the swirling gas movement "irons out" 
hot spots. 

In the furnace illustrated, changes in the 
longitudinal temperature profile are needed. 
Where this is a consideration, it is desirable 

55 to block axial flow of combustion gases in 
zone 25, from one section to another. This 
is accomplished by provision of bulkheads 
or partitions 40. These are positioned at 
the joints or flanges 41 at which the sections 

60 are connected end to end. As shown in 
Figure 7, the bulkheads 40 are metal sheet 
or plate partitions which at their outer edges 
are clamped between the mating flanges 41 
and which extend radially inward across the 

65 combustion zone 25, toward tunnel 20. The 



bulheads must not however be connected 
rigidly to the tunnel; their inner edges 42 are 
just slightly spaced from the tunnel wall. The 
bukheads 40 are partly segmented by radially 
extending slots or slits 43. Thus, inner por- 70 
tions of bulkheads 40 within the combustion 
zone 25 and adjacent the tunnel 20 can ex- 
pand without buckling under the heat of 
combustion, relative to the cooler outer por- 
tion at the flanges 41 adjacent shell 22. The 75 
slots 43 are closed or very narrow at oper- 
ating temperature. Axial shifting of the 
tunnel due to longitudinal expansion relative 
to the bulkheads is also accommodated, since 
they are not connected. 80 

The bulkheads impede longitudinal flows 
of flame and combustion products from sec- 
tion to section, and if all three sections 11 
—13 are maintained at about the same fur- 
nace pressure, temperatures in each section 85 
along the length of the tunnel can be con- 
trolled independently. 

By way of illustration of the controllability 
of temperature, in the particular furnace 
illustrated, the belt travels at a rate of 22" 90 
per minute. The wave entering equalizing 
zone 11 has a temperature of about 250— 
375 °F. Travel time in the first zone is 2.2 
minutes. The oven temperature (as mea- 
sured by a travelling thermocouple) increases 95 
in the first minute of travel to about 1120T., 
then more slowly to about 1260°F. in the 
next minute, then holds at about 1260 for the 
remainder of the first zone. (Note the stack 
38 is located in the direction of conveyor 100 
travel from the burners in this zone). This 
is the peak temperature in the particular fur- 
nace illustrated. At this point, the tem- 
perature in zone 25 outside the muffle is 
about 1280°F. Travel time in the treating 105 
zone 12 is 2.4 minutes, during which the 
temperature drops approximately lineally 
from 1260 to 1170°. In the annealing zone 
13, temperature is reduced from 1170° to 
1010°F. in 3 minutes, then more rapidly to 110 
700° in the next 1.0 minutes of travel. (For 
this rate of drop, operation of only two of 
the four burners is necessary.) In the un- 
heated cooling zone 14, temperature drops 
to about 280 in 3.3 minutes. Atimeorposi- 115 
tion versus temperature trace displays virtu- 
ally no "bump" as the ware traverses the 
burners. The oven temperatures are ad- 
justed so that actual ware temperature never 
quite reaches its softening point. 120 

Tunnel 20 is open ended, that is, it has 
no door or closure at either end. In order 
to minimize the flow of cooler outside air 
into the tunnel, and at the same time to pre- 
vent the loss of heat and/or treating vapour 125 
through the open ends of the tunnel, air cur- 
tains are mounted at various stations along 
the tunnel. Specifically, an inlet air curtain 
is positioned at the entrance to the tunnel in 
section 11, and an outlet air curtain is pro- 130 
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vided in section 13. Additional air curtains 
of a somewhat different type are provided at 
spaced positions in the vapour treatment 
section 12. 

5 The entrance and exit air curtains 45 and 
46, may be similar to one another. The 
doors within the vapour treatment section 
47 and 48, are similar to one another but 
they are inclined to direct flows to- 

10 ward one another, as will be described. In 
each case, the tunnels use dry air (-80°R 
dew point) in order to avoid the introduc- 
tion of moisture into the tunnel. The en- 
trance and exit air curtains 45 and 46 each 

15 direct a thin sheet of air, moving at rela- 
tively low velocity (e.g. 100—300 fpm) trans- 
versely or perpendicularly into the tunnel 
from the top thereof. No special air door 
exhaust duct is provided for either curtain, 

20 and the flow they inject tends to "pressurize' ' 
the inside of the tunnel and thereby to pump 
heated gases back into the furnace and to 
prevent entrance of cool outside air. It has 
been found unnecessary to collect or recir- 

25 culate the atmosphere. 

Each tunnel curtain 45 and 46 includes a 
nozzle 50, generally rectangular in cross- 
section (see Figure 2 and 5), which extends 
transversely across the tunnel, preferably at 

30 the top thereof. The nozzle is not full 
width, and as shown in Figure 5, extends 
across the central 2/3 only of the width 
of the tunnel. The short or less-than-full 
width of the nozzle 50, in relation to the 

35 tunnel width, avoids long air flow along the 
sidewall. This nhnimizes air current drag on 
the tunnel sidewalk and also promotes flow 
with minimal swirl and cross-mixing in the 
tunnel. The edges of the air flow from 

40 nozzles 50, 54 are approximated by the 
dotted lines in Figure 5. 

Each nozzle is fed through a large rect- 
angular plenum chamber 51, which in turn 
is fed by a flow staightener section 52. The 

45 latter comprises a bundle of tubes of rela- 
tively small diameter; in the illustrated em- 
bodiment there are 37 such tubes, each hav- 
ing an external diameter of §", 3£ inches 
long and tack welded together to form the 

50 bundle. Air is supplied to this source from 
a dry (-80°F.D.P.) compressed air line 
located outside of the furnace, through a 
long line 53 (see Figure 6). The line 53 
passes through inner wall 23, and has a re- 

55 latively long travel around the combustion 
zone 25, so that air passing through line 53 
is heated to a furnace temperature in its 
travel to the plenum chamber 51. Flow 
straightener 52, in combination with the 

60 plenum 51, promotes temperature uniformity 
with minimal turbulence "of the air entering 
the tunnel. This ensures more laminar flow, 
with a minimum of mixing with atmospheric 
air. In this connection, 'it has been found 

65 that the low air velocities mentioned are far 



more desirable for this purpose than higher 
velocities. 

Air curtains 45 and 46 have nozzles 50 
which are directed perpendicularly to the 
conveyor, as shown in Figure 2. In contrast, 70 
the air curtains 47 and 48, where the tunnel 
enters and leaves the vapour treatment sec- 
tion 12, have nozzles 54 which are inclined 
to one another, see Figures 2 and 3. The 
angle of inclination 55, in Figure 3, is pre- 75 
ferably 20° to 30° with respect to a line 
perpendicular to the belt. In other respects, 
these curtains 47 and 48 and their air sup- 
plying ducts are similar to the curtains 45 
and 46. 80 

The inclined nozzles of doors 47 and 48 
accomplish several things: 

1. The treating vapour is pumped to- 
ward the centre of the treatment section 12, 

so that escape of vapour to the equalizing 85 
section 11 or the annealing section 13 is re- 
duced; 

2. They create a stirring action such that 
temperature and vapour concentrating uni- 
formity are promoted, and thereby eliminate 90 
a need for circulating fans; 

3. These curtains control "drift" through 
the tunnel. More specifically, concerning 
this latter effect, the length of the furnace 
may be such that a pressure differential will 95 
exist between its two ends, and there may be 

a gentle flow of air from one end through 
the tunnel to the other end. This most fre- 
quently occurs on days when it is very windy 
outside the plant. Drift is not merely the re- 100 
suit of conveyor movement, and in fact can 
move in the opposite direction to the con- 
veyor. If not counteracted, such "drift" can 
result in undesirable loss of heat and/ or va- 
pour. If drift occurs, it can be counter- 105 
acted by increasing the air flow through one 
of the air curtains 47 or 48, and/or reducing 
that in the other 48 or 47. Alternatively or 
in addition, the furnace may also be pro- 
vided with a drift control tube of the type 110 
described in U.S. Patent Specification No. 
3,659,551. 

The means for generating a treating vapour 
do not comprise a part of the invention, and 
will depend on the particular type of treat- 115 
ment in v/hich the tunnel is to be used. Where 
the tunnel is to be used for a cuprous chlor- 
ide vapour treatment, suitable vapour gen- 
erating means are described in U~S. Patent 
Specification No. 3.659,551. 120 

To introduce a vapour (if used) into the 
treatment section, a cross tube 60 extends 
through and across the furnace at the middle 
of the vapour treatment section 12, directly 
beneath tunnel 20. It communicates with the 125 
interior of the tunnel through an opening 
56. Refractory boats containing a supply of 
granular cuprous chloride or other treating 
material are introduced, through a suitable 
closure at one end of this tube 60, and are 130 



7 



1,432,053 



7 



pushed in a line through the tube. The tem- 
perature of the boats increases as they pass 
through the combustion zone 25, sufficiently 
that copper chloride vapour is generated, 
5 which rises into the treating tunnel 20 as the 
boats pass beneath opening 56. After de- 
pletion of their supply of cuprous chloride, 
the boats are withdrawn from the other side 
of the furnace. The entrances and exits to 

10 tube 60 are preferably cooled to permit 
handling of the boats at the loading and dis- 
charging ends thereof. 

The furnace pictured and described is 
dimensioned for a single line of articles. 

15 Where the number of articles to be treated 
is much greater, the capacity of the furnace 
can be increased by use of a wider tunnel, 
carrying a belt with multiple lines of articles, 
or by use of a plurality of tunnels mounted 

20 at laterally spaced positions across a wide 
combustion zone. To accommodate thermal 
expansion of a wide tunnel and to support 
its roof under the effect of the high temper- 
atures used in the glass treating example, it 

25 is desirable in the latter case to "hang" the 
tunnel roof from the shell. For this pur- 
pose it is contemplated that stainless steel 
rods would extend upward from the outside 
of the muffle roof, through the combustion 

30 zone to cross beams at the top outside of the 
furnace. 

WHAT WE CLAIM IS: — 

1. A furnace for the heat treatment of 
35 articles carried therethrough on a conveyor 

comprising, an elongated tunnel having a 
horizontal axis and open at each end through 
which the conveyor passes, a combustion en- 
closure surrounding the tunnel over at least a 

40 part of the length of the tunnel, the enclo- 
sure having an inner surface which is spaced 
radially from the tunnel so that a hollow an- 
nular combustion zone is defined between the 
surface and the tunnel, a structure at each 

45 end of the combustion zone closing the space 
between the tunnel and the said inner sur- 
face, a plurality of gas burners entering the 
combustion zone through the inner surface 
of the enclosure and aimed to inject burning 

50 gas into the zone in a direction generally 
tangential to the tunnel so that a swirling 
movement of heated gas around the tunnel 
will be established within the combustion 
zone, a plurality of air curtains spaced along 

55 the tunnel. 

2. A furnace as claimed in Claim 1 
wherein there is an air curtain adjacent each 
end of the tunnel. 

3. A furnace as claimed in Claim 1 or 
60 Claim 2 wherein there is a pair of air cur- 
tains each having a nozzle inclined towards 
each other. 

4. A furnace as claimed in any preced- 
ing claim wherein the air curtains are posi- 

65 tioned at the top of the tnuuel. 



5. A furnace as claimed in any preceding 
claim having an outlet for the combustion 
zone, spaced axially from the gas burners so 
that there is a helical flow of gas in the zone 
around the tunnel, from the burners to the 70 
outlet. 

6. A furnace as claimed in any preceding 
claim including means for injecting air into 
the tunnel, and means to heat the air to 
substantially the temperature of the com- 75 
bustion zone. 

7. A furnace as claimed in any preceding 
claim including passages for supplying air 
to the respective air curtains, which passages 
extend through the combustion zone so that 80 
air in the passages will be heated in passing 
therethrough. 

8. A furnace as claimed in any of the 
preceding claims wherein the surface of the 
enclosure is essentially circular in cross sec- 85 
tion and the tunnel extends along the hori- 
zontal axis of said surface. 

9. A furnace as claimed in any of the 
preceding claims wherein the tunnel is sup- 
ported on standards extending from the en- 90 
closure toward the center of the combustion 
zone, so that an open annular space extends 
entirely around the horizontal axis of the 
tunnel. 

10. A furnace as claimed in any of the 95 
preceding claims wherein the gas burners 
enter the combustion zone at longitudinally 
spaced positions, alternately above and below 

the tunnel, from opposite sides of the tunnel. 

11. A furnace as claimed in any of the 100 
preceding claims wherein the gas burners are 
excess air burners. 

12. A furnace as claimed in any of the 
preceding claims wherein the tunnel is rect- 
angular in section. 105 

13. A furnace as claimed in any of the 
preceding claims wherein the combustion 
zone is divided longitudinally by bulkheads 
into separate sections, the bulkheads extend 
toward, but not to, the tunnel from said sur- 110 
face to impede longitudinal gas flow there- 
past. 

14. A furnace as claimed in Claim 13 
wherein the bulkheads include radial slots to 
accommodate different thermal expansion 115 
thereof. 

15. A furnace as claimed in any of the 
preceding claims wherein the enclosure is 
made of flat insulation blocks, and has 
curved sheet metal filets that run along the 120 
corners between horizontal and vertical in- 
sulation blocks to impart a rounded cross- 
sectional shape to the combustion zone. 

16. A furnace as claimed in any of the 
preceding claims wherein said combustion 125 
zone is divided longitudinally into separate 
sections by bulk-heads, each section com- 
prising a furnace of the type described for in- 
dependent temperature control. 

17. A method of treating glass articles 130 
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comprising, placing the articles in lineal ar- 
rangement on a conveyor, moving the con- 
veyor in the horizontal direction, with the 
articles on it, through an open ended tun- 

5 nel while heating at least a portion of the 
tunnel, the heating being carried out by 
directing hot gases tangentially to the ex- 
terior of the tunnel and causing the gases 
to flow in the longitudinal direction as a 

10 helix around the outside of the tunnel, the 
tunnel having a plurality of air curtains 
spaced there along. 
18. The method of Claim 17 wherein a 



treating vapour is injected into the interior 
of the tunnel to contact the articles mov- 15 
ing therethrough on the conveyor. 

19. A furnace substantially as herein- 
before described with reference to the ac- 
companying drawings. 

20. A method of treating glass articles 2G 
substantially as hereinbefore described. 

For the Applicant: 
LLOYD WISE, BOULY & HAIG, 

Chartered Patent Agents, 
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